Abstract The purpose of this study was to evaluate the significance of positional relationships of the components on gait after total hip replacement (THR). Gait was analysed using multicomponent force platforms integrated into a treadmill, in conjunction with an optoelectric measuring system. 26 patients, after undergoing total hip replacement, were classified according to the vertical and horizontal positions of the centre of rotation, the vertical position of the femur and the functional leg length, and compared with a control group. Deterioration in parameters of gait was observed following cranialisation of the centre of rotation or of the femur, whereas neither medial movement of the centre of rotation nor leg lengthening by up to 1 cm had any effect. This study emphasises the importance of considering, at the time of preoperative planning, the effect of the position of the prosthesis on the functional parameters of gait.
Introduction
The introduction of computer-assisted planning when implanting hip prostheses makes preoperative threedimensional virtual movement of the prosthesis possible and may ensure optimal positioning [2] . Previously the position of the prosthesis was chosen according to the geometric characteristics of the joint [3, 10] . However, the ideal geometric position need not be the best for function, and in particular for gait. Gait analysis is necessary for accurate assessment of prosthesis function [16] . We studied, by gait analysis, the effect of different operative position of parameters on hip function after prosthetic replacement.
Material and methods
A prospective study was conducted between December 1995 and March 1997 with 26 patients in whom THR was performed for osteoarthritis of the hip. All patients had unilateral disease, and the prosthesis used was a Zweymüller TEP (Endoplus, Marl, Germany). There were 15 female and 11 male patients with a mean age of 64.6 years (sd=7.73), a mean weight of 72.5 kgs (sd=9.64), and a mean height of 1.68 m (sd=0.07). 22 patients had primary osteoarthritis and 4 had avascular necrosis of the femoral head. A direct lateral approach was used. All patients received the same postoperative physiotherapy and rehabilitation programmes. The patients were examined preoperatively and twice after surgery. The first postoperative examination was carried out when the patient could walk on a flat surface without support (mean 14.4 weeks. Range 12-16). The second examination was carried out after twice this interval (mean 27. 8 weeks, range 26-30). The control group consisted of 10 female and 10 male volunteers without any locomotor AP postoperative radiographs were taken and the following parameters recorded ( Fig. 1) : the vertical position of the centre of rotation, the horizontal position of the centre of rotation, the vertical position of the femur and the functional leg length. The values for the vertical and horizontal positions of the centre of rotation in the replaced hips were obtained by comparison with the contralateral hip [10, 17] , and the patients were assigned to the following 3 groups. In Group I the horizontal position at the centre of rotation was moved by±4 mm (7 patients), and in Group II it was moved by >4 mm medially (19 patients). Similarly for the vertical position of the centre of rotation. In Group I the position was moved by±4 mm (9 patients), in Group II there was a caudal shift of >4 mm (4 patients) and in Group III a cranial movement of >4 mm (13 patients). With regard to leg length there were no difference in Group 1 (17 patients), a lengthening of 0.5-1 cm in Group II (7 patients) and a shortening by 0.5-1 cm in Group III (2 patients). With regard to the vertical position of the femur this was normal in Group I (11 patients) with a deviation of±4 mm; in Group II a caudal shift of >4 mm (7 patients); and in Group III a cranial shift of >4 mm (8 patients) .
The gait analysis apparatus consisted of a treadmill, two force plates, a video system and a PC workstation. Multicomponent measuring platforms from the Kistier company (Type 928 1 B/985 1) were integrated into the treadmill. Four infra-red video cameras of the optoelectric ELITE system recorded the motion pattern data simultaneously using foil markers on reproducible anatomical sites (Fig. 2) . The patient walked exclusively on the force plates in the field of vision of the cameras at an acceptable speed. The patients, after a period of familiarisation, were recorded for 16 seconds. The software generated three-dimensional coordinates from the two-dimensional camera images. An integrated interface recorded the bilateral ground reaction forces simultaneously.
The following parameters were measured: All the parameters, except walking velocity, were calculated from the mean double step. The overall duration of one double step was defined as 100%. In order to calculate gait asymmetry the following formula was used. "Symmetry parameters = Parameters (pathological) -parameters (healthy)". Symmetry parameters only were included as they are independent of velocity. The results were analysed using the Mann Whitney U test (P<0.05).
Results
The positions on plain radiographs are summarised in Table 1 .
Horizontal position of the centre of rotation
The patients without leg length inequality showed no significant difference for any of the parameters; whereas both groups showed a decrease in vertical loading compared with the control group. The symmetry of the individual stance pictures and the transition from the stance to the swing phase showed a difference at the time of the first postoperative examination only (Table 2 ). (Table 3) .
Vertical position of the femur
There was a reduction in maximum flexion and extension of the hip in patients with no difference in the vertical position of the femur (Group 1) and those with cranialisation of the femur (Group 2) which was not seen in patients with caudal movement of the femur (Group 3). The patients in Group 2 showed a reduction in maximum flexion and extension of the knee during the walking cycle when compared to those in Groups 3 and 4 (Table 4) .
Functional leg length
There was no difference in kinetic data between patients with no leg length discrepancy and those with lengthening of the leg (Group 2). At the first postoperative examination, these patients showed a deficit in vertical force, individual stance duration, transition from stance to swing phase, and range of movement of the hip and knee on the contralateral side. At the second examination neither the vertical force nor the maximum extension of the knee differed from that of the contralateral side (Table 5) .
Discussion
This study confirms that the functional results after THR may be influenced by various anatomical parameters which can be assessed by gait analysis. The results are worse after cranialisation of the centre of rotation of the femur; whereas neither medial movement of the centre of rotation nor leg lengthening by up to 1 cm have any effect. Cranialisation of the femur, as occurs when the femoral component is implanted deeply into the femur, leads in the mid term to reduction in movement of the hip and of the knee. By contrast, caudal shift of the femur results in symmetrical movement of the hip and knee 14 weeks after surgery; and the range of flexion and extension of the hip improves. These changes are primarily attributable to changes in muscle power, as the power of ab-and adductors decreases with cranialisation of the femur [6, 14] and increase with caudal shift [7] . Cranialisation of the centre of rotation of the prosthesis is associated with a similar reduction in range of movement, due, probably, to a decrease in muscle power [5] . Medial shift of the centre of rotation (by a mean of 10 mm) does not influence gait. Several studies recommended moving the centre of rotation medially in order to decrease the forces acting across the joint [1, 8, 9, 12, 17] . The theory that moving the centre medially shortens the lever arm and thus reduces muscle power is not confirmed by gait analysis. Leg length differences of up to 1 cm also had no effect. Brand and Yack [4] did not observe changes in the power exerted on the hip joint with experimentally induced leg length differences of up to 2.3 cm; whereas other authors have shown gait asymmetry with leg length differences of 2 cms [13, 14] . Computer-aided preoperative planning allows the implant to be fitted with high anatomical accuracy. The exact placement of the components may be varied by preparation of the adjacent bony surfaces and choosing an appropriate size of implant. We have shown that both cranialisation of the centre of rotation and cranial shift of the femur should be avoided whereas gait analysis shows no effects of a medial shift or of a leg length discrepancy of up to 1 cm. 
